Malnutrition leads to poor prognoses, including a predisposition to falls. Few studies have investigated the relationship between malnutrition and falls during hospitalization. This study aimed to determine malnutrition's association with falls during hospitalization. A retrospective observational study was conducted. Patients aged ≥65 years that were admitted to and discharged from a university hospital between April 2018 and March 2019 were examined. Patients with independent basic activities of daily living were included. Diagnosis of malnutrition was based on the European Society for Clinical Nutrition and Metabolism (ESPEN) criteria at admission. Disease information such as the Charlson Comorbidity Index (CCI) and reasons for hospitalization were reviewed. Kaplan-Meier curve and multivariate Cox regression analyses were performed. Data from 6081 patients (mean age: 74.4 ± 6.1 years; males: 58.1%) were analyzed. The mean CCI was 2.3 ± 2.8 points. Malnutrition was detected in 668 (11.0%) and falls occurred in 55 (0.9%) patients. Malnourished patients experienced a higher fall rate than those without malnutrition (2.4% vs. 0.7%, log-rank test p < 0.001). In multivariate analysis, malnutrition had the highest hazard ratio for falls among covariates (hazard ratio 2.78, 95% confidence interval 1.51-5.00, p = 0.001). In conclusion, malnutrition at the time of admission to hospital predicts in-hospital falls.
Introduction
Falls are quite common in older adults, with about 30% of people aged ≥65 years falling every year [1] . If a community-dwelling elderly person falls, they are likely to fall again [1] or be hospitalized [2] . In addition, it is reported that falling is the most common adverse event requiring acute care tertiary hospitalization, with a profound adverse effect on patient outcomes, quality of life, and increased medical costs [3] . Risk factors for falls are known to include being elderly, impaired balance and gait, polypharmacy [4] , and a high prevalence of comorbidities [5] . Decreased skeletal muscle mass and strength with the progression of age affects the balance function [6, 7] . In addition, older, A retrospective observational study was conducted. Older adult patients aged ≥65 years, admitted to and discharged from an acute care hospital between April 2018 and March 2019, were examined.
The participating hospital was a 900-bed academic hospital. Patients who independently carried out basic activities of daily living (ADL) prior to hospitalization were included in this study. To avoid unequal opportunities to engage in activities during hospital stays, attending nurses routinely obtained ADL information to assess activity during routine clinical practice in the hospital. Additionally, data on all the study variables were collected from the medical records collated during routine medical practice in a hospital context within the Japanese health insurance system. Patients with missing data on body height or weight were excluded from the analyses. Follow-up was conducted from admission until discharge from the hospital. This study was approved by the hospital's ethics committee (ID: 2019-012). Due to the nature of the retrospective design, the ethics committee waived informed consent. Instead, an opt-out procedure was used to provide all patients with the opportunity to withdraw from participation in the study. The opt-out procedure entailed placing an announcement on the hospital's web page, so that participants could withdraw from the research at will.
Fall Detection
In the hospital, medical staff were supposed to report unfavorable incidents to the Medical Safety Committee, including, for example, a fall during hospitalization. The reporting system, entailing the collection of every incident related to medical and care practices in a given hospital, including falls, is hospital-determined and based on the Japanese health insurance system, with regular external audits. Medical staff are educated on and encouraged to capture any unfavorable incidents on the system. Incident information is recorded using database software forming part of the electronic medical record system installed in the hospital. In this study, we reviewed evidence of falls based on the data recorded in these reports.
Baseline Parameters
Disease information was classified using the International Classification of Disease-10 (ICD-10) codes, recorded by attending physicians on the medical chart. Diseases that led to hospitalization and comorbidities were extracted from the medical chart. In addition, comorbidities were scored using the Charlson Comorbidity Index (CCI), a predictor of mortality risk [18] .
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Diagnosis of Malnutrition
Diagnosis of malnutrition was based on the European Society for Clinical Nutrition and Metabolism (ESPEN) definition criteria [19] . As recommended by the Japanese health insurance system, all newly admitted patients were screened for malnutrition at admission. The hospital employed the Mini Nutritional Assessment Short-Form (MNA-SF) as a nutritional screening tool for older adult patients. Furthermore, the system necessitates nutritional assessment so as to enable the provision of hospitalized medical treatment. Information on medical care strategies, including nutritional care at admission, is supposed to be provided on a certain document. If the document is not given to the patient during hospitalization, then the Japanese health insurance system does not cover the full medical costs incurred in hospital. The ESPEN published a new consensus statement on the diagnosis of malnutrition in March 2015 [19] . ESPEN-defined malnutrition is diagnosed in two steps. First, a validated risk screening tool is suggested to identify individuals at risk of malnutrition. In the study, we used the MNA-SF for initial screening, which was administered by trained nurses at admission to the hospital. The MNA-SF is an ordinal scale with a score range of 0 to 14; a score of 11 or less points to a risk of malnutrition [20] . The secondary step defines patients at risk of malnutrition as malnourished, depending on the applicability of one of the following three options to them: 1) BMI <18.5 kg/m 2 , 2) unintentional weight loss >5% over the last 3-6 months, combined with BMI <20 kg/m 2 if aged <70 years or <22.0 kg/m 2 if aged ≥70 years, and 3) unintentional weight loss combined with fat-free mass index <15.0 kg/m 2 if female or <17.0 kg/m 2 if male. The fat-free mass index (FFMI) is calculated by dividing a patient's estimated fat-free mass by patient height in meters squared (m 2 ). Fat-free mass is obtained using an estimated 24-h urine creatinine excretion rate (eCER) and is calculated as follows: fat-free mass = 13.0 + 0.03 × eCER; eCER (mg/day) = 879.89 + 12.51 × weight (kg) − 6.19 × age (−379.42 if a woman) [21, 22] . At hospitalization, all patients were assessed for malnutrition using the relevant information.
Sample Size Calculation
Previous studies have reported that 28.9% of elderly patients admitted to our hospital are malnourished [23] . In addition, approximately 1% of hospitalized older patients had been reported to fall in the hospital, based on the hospital's unpublished preliminary data. Using these data, the study sample size was calculated in advance. The odds ratio of potential risk factors for falls were reported to be around two [1] ; it was assumed that the malnourished group would fall twice as much as the non-malnourished group under the conditions of power = 0.8 and α error = 0.05. Moreover, the study required more than 5782 participants. Therefore, considering the number of older inpatients at the hospital (around 6000 patients per year), the study reviewed all older adult inpatients admitted over a one-year period.
Statistical Analyses
For quantitative variables, parametric variables assessed through a histogram were shown as mean ± standard deviation, and comparisons between groups were analyzed using a t-test. Nonparametric variables were shown as the median (interquartile range) and analyzed using the Mann-Whitney U test. Categorical variables were expressed as frequencies (percentages) and analyzed using a Chi-squared test. A Kaplan-Meier curve analysis was performed to clarify the impact of malnutrition on time and the first incident occurrence, and differences between the groups were examined using a log-rank test. A multivariate Cox regression analysis was performed using covariates which could be confounding factors for subjects' falls in univariate Cox regression models (p < 0.1). The length of the hospital stay at the first fall was adjusted in the Cox regression models. Analyses were performed using SPSS 24.0 software (IBM Japan, Tokyo, Japan) and p-values < 0.05 were considered significant.
Results
During the study period, 6095 elderly patients whose basic ADL was independent prior to the onset of the disease resulting in hospitalization were admitted, and all of them were enrolled and examined to determine eligibility for analysis. Five and nine patients with missing data on height and body weight, respectively, were excluded from the analyses. A total of 6081 patients were included in the final analysis ( Figure 1 ).
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Discussion
In this study, we examined whether the presence of malnutrition was associated with the occurrence of in-hospital falls in elderly patients in acute care hospitals. The risk of in-hospital falls among patients with malnutrition was 2.7 times higher than that among patients without malnutrition. To our knowledge, this is the first study to report an association between malnutrition at admission and falls in an acute care hospital. Implementation of nutritional screening and assessment at admission to hospital would help in the prediction of patients at risk of falls during their hospital stays. The fact that the frequency of falls is reported to be less than 1% among patients admitted to acute care hospitals [24] warrants a large sample size. It may be possible and prove significant to use nutritional status at the time of admission to an acute care hospital to predict in-hospital falls.
Malnutrition had a hazard ratio of 2.7 compared to non-malnutrition; however, malnutrition risk did not reach significance. In this study, we compared the fall rate with and without malnutrition in older in-patients with independent ADL. Previous studies have reported that malnutrition is a risk factor for falls among older adults with independent ADL. Trevisan et al. [17] reported in a systematic review that malnutrition increased fall rates by about 1.5 times among community-dwelling older adults. In addition, the Taiwan Longitudinal Survey on Aging, a national survey of non-institutionalized citizens in Taiwan, found that among the 97.5% of people who can move around, malnutrition risk was associated with falls [25] . However, only one study has reported associations between malnutrition and in-hospital falls in acute hospital settings. In a study in an acute hospital, Lackoff et al. reported that malnutrition (determined by a combination of decreased BMI and Subjective Global Assessment) was not associated with increased in-hospital falls in older patients, whereas an association with harmful falls was detected [26] . That study diagnosed malnutrition on audit day, rather than on admission day, and did not consider the time frame of fall incidences. Furthermore, the hospital in that study specialized in cardiothoracic medicine. The timing of diagnoses, length of hospital stay, and comorbidities might have influenced Lackoff et al.'s study results. Eglseer et al. reported that in a multivariate analysis, in-hospital falls in older patients were not significantly associated with malnutrition [27] . However, their study examined in-hospital falls before assessing malnutrition. A cohort study design might be suitable, as opposed to a case-control design, to detect malnutrition's prediction of in-hospital falls. Delirium is one of the factors that increases the risk of falls [28] . Acute Nutrients 2020, 12, 541 8 of 11 hospitalization may result in acute changes in mental status (e.g., delirium) [29] and deconditioning of the whole body [30] . Furthermore, many older hospital patients may be likely to be forced to take bed rest in the early phase of hospitalization, despite being able to walk independently [8] . Physical inactivity greatly affects muscle strength and muscle mass [31] . Besides, patients who are malnourished at the time of admission often already have low muscle strength and low muscle mass [32] . Therefore, malnutrition at the time of hospitalization can predispose one to a worsened and easily deteriorating physical condition during hospitalization. In fact, hospital admissions have been reported to reduce muscle mass and strength [33, 34] .
In this study, there was an association between falls and being older and being male during admission to the acute care hospital. Some study findings are compatible with ours regarding older patients. Plati et al. [35] reported that older hospitalized patients were more likely to fall compared to younger patients based on a case-control study. Church et al. reported an association between being an elderly patient hospitalized for more than 23 h after surgery, and an increased fall rate [36] . Results relating to gender have proved inconsistent. In their study on community-dwelling older adults, Zhao et al. [37] reported that men were more likely to fall than women, as in our results, but another study reported that women were more likely to fall than men mainly in community-dwelling setting [38] . Further research is needed to investigate the association between falls and gender in hospitals. While our results suggested that being older and being male were independently associated with in-hospital falls after adjusting for malnutrition, further research is needed to identify any interaction between these factors and malnutrition in different settings.
The current study found that weighted and accumulated comorbidities were associated with incidences of falls in patients admitted to an acute care hospital. Shumway-Cook et al. reported no differences in the number of comorbidities between people who fell and those who did not [39] . However, these authors reported only the number of comorbidities, but not a weighted index according to the types of comorbidities. The CCI score, as employed in the current study, is known as a comorbidity index with accumulation of weighted comorbidity, which is related to mortality in older adults [18] . Fetal diseases might have an impact on falls during hospitalization. Additionally, it has been reported that patients with a high CCI score were prescribed more drugs than those with a low CCI score during/prior to their admission to acute care hospitals [9] . Polypharmacy, which is known as a risk factor for falls, might also have an impact on falls during hospitalization [40] .
This study has some limitations. First, the research was limited to those displaying ADL independence. Therefore, the study results may not be generalizable to all hospitalized older adults. However, since the differences in ADL dependence serve as a confounding factor related to both malnutrition and falls, the study included only one stratification of ADL to eliminate the influence of ADL. Second, the study did not obtain additional participant information such as cognitive and drug-related statuses. Although both these conditions are known to be associated with falls among older adults [41] , this information was not recorded in the hospital's medical recording system, thereby preventing us from linking these conditions with the rest of the collected data. Third, BMI values that determine malnutrition may differ between Europeans and the Japanese [12] . Although many studies have reported ESPEN-defined malnutrition to be associated with malnutrition among Asian populations, a malnutrition diagnosis valid for the population under study would be better.
Conclusions
Malnutrition at admission to hospital could be a risk factor for in-hospital falls. Falls during hospitalization might be predictable in advance, based on early nutrition screening and the detection of malnutrition at the time of hospitalization in the acute phase. Additionally, adequate nutritional interventions might help in the prevention of falls. Future studies could examine the applicability of these findings across various ADL groups, and the effect of nutritional interventions on falls.
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